Introduction {#sec1-1}
============

Dental enamel has some properties making it a unique tissue. It is the hardest tissue in the body and has a very high proportion of inorganic matter, mainly hydroxyapatite. The ameloblast has a limited reparative capacity; therefore, disturbances occurring during the mineralisation of enamel will remain as permanent marks. Defects in enamel quality or other dental hard tissues are important implications for the understanding of evolution, function, origin and relation to etiological factors behind developmental disturbances but also how environmental factors may influence on the mineralisation of the dental hard tissues. These unique properties of teeth have been widely used in research within biology, anthropology, archaeology and several other areas \[[@ref1]\], \[[@ref2]\].

The molar incisor hypomineralization (MIH) is defined as a qualitative defect of the enamel characterised by the progressive and simultaneous hypomineralization of the enamel structure of the first permanent molars which is of systemic origin, which may be associated frequently with incisors \[[@ref3]\].

Since the early 1970's dentists have reported a developmental defect primarily located in the first molars and incisors in permanent dentition, areas of demarcated hypomineralized enamel varying from opacity to more severe conditions with enamel surface breakdown were typical for the defect. This enamel disturbance was found predominately in first permanent molars and incisors. One of the first more extensive studies on the prevalence of demarcated opacities in first permanent molars and incisors was reported by Koch et al., in 1987. It was first defined by Weerheijm et al., in 2001. It is also called as "hypomineralized permanent first molars (PFMs)'', "idiopathic enamel hypomineralization", "nonfluoride hypomineralization" "demineralised PFMs'' and "cheese molars''. Knowledge about the magnitude of MIH seems desirable as it is vulnerable for consequences like rapid caries development, early enamel loss, soft structure and sensitivity \[[@ref4]\].

The molar incisor hypomineralization is clinically presented as demarcated enamel opacities of different colours, occasionally undergoing post-eruptive breakdown (PEB) which results in atypical cavities or complete coronal distortion, requiring extensive restorative treatment. Despite the higher treatment demands, restorative treatment for these teeth is challenging for both the patient and dentist.

MIH is recognised as a global dental problem, and epidemiologic reports from all over the world are continuously published \[[@ref5]\]. The global prevalence of MIH ranged from 2.4% to40.2%. Majority of the studies that reported MIH were from European countries with a prevalence range of 3.6% to 37.5%. Prevalence in middle and South East Asian countries ranged from 9.25% to 20.2%. Prevalence data from India were scant and reported a prevalence of 6.31% to 9.46% \[[@ref1]\]. The prevalence is almost 40% per cent in Denmark and Brazil \[[@ref6]\], \[[@ref7]\]. As many as 5% of the children in a Swedish population have a severe form of MIH and will experience extensive and difficult treatment. It has been reported that children with MIH have ten times more dental treatment compared with a group of children with clinically healthy first molars \[[@ref8]\].

The prevalence of MIH was not well documented due to several diagnostic classifications in the literature. The various indices used are Alaluusua et al., criteria (1996), developmental defects of enamel index (DDE), Kemoli criteria (2008), Koch et al., \[[@ref9]\]. Criteria (1987), and the European Academy of Pediatric Dentistry (EAPD) 2003 criteria \[[@ref10]\]. Knowledge about the magnitude of MIH seems desirable as it is vulnerable for consequences like rapid caries development, early enamel loss, soft structure and sensitivity \[[@ref4]\].

Severe clinical manifestations and their consequences associated with MIH indicates the need for research to increase knowledge about its prevalence and risk factors in developing countries \[[@ref11]\]. Thus, the aim of this study was to evaluate the prevalence of MIH in a group of children aged from 9 to 12 years in Virajpet, Karnataka, India.

Material and Methods {#sec1-2}
====================

The present, descriptive cross-sectional study conducted during January 2018 -- March 2018, the study population comprised of 9 to 12-year-old School children belonging to Virajpet taluk. Total numbers of school students were 9792. The sample size was estimated and obtained as 400 per each age group and among 4 age groups (9, 10, 11 and 12 years) the total of 1600 samples. Stratified Cluster Sampling Method was followed. Total of 171 schools in Virajpet taluk was divided into 10 clusters based on location. Each cluster contains 17 schools. Considering 10% of schools from each cluster 2 schools were chosen randomly. Total schools considered were 20. Considering the number of schools included and the sample size (400 per age group), 20 students from each age group from each school was taken. Subjects who were willing to participate and whose parents/guardians have given written informed consent and children having fully erupted all permanent first molars and incisors were included in the study.

The children with amelogenesis imperfecta, dentinogenesis imperfecta, white spot lesions, tetracycline stains, erosion, fluorosis and Turner's tooth, with appliances, undergoing orthodontic treatment, Restorations and Crowns on any of the first permanent molars and incisors were excluded. Ethical clearance was obtained from the Institutional Review Board of Coorg Institute of Dental Sciences, Virajpet. Diagnosis of MIH was done using EAPD Criteria 2003 \[[@ref14]\].

An examination for MIH should be performed on wet teeth after cleaning. Teeth to be examined are the 4 first permanent molars (occlusal, buccal, lingual/ palatal surfaces) and 8 permanent incisors (incisal, labial, lingual/ palatal surfaces) following Type III Clinical examination with adequate natural light.

The oral examination of all the study subjects was carried out by a single investigator. Each participant was meticulously examined and the findings were compared to know the diagnostic variability agreement. The agreement was found to be 80%.

Statistical Analysis {#sec2-1}
--------------------

The data was collected and transferred from pre-coded proforma to computer. The data will be analyzed using SPSS (IBM) version 23. Descriptive statistics included mean, standard Deviation, Frequency and Percentage. Inferential statistics included Chi square test. The level of significance was set at 0.05 at 95% confidence intervals.

Results {#sec1-3}
=======

Distribution of study subjects comprised a total of 1600 (100%) participants. Among them, 786 (49.1%) were males, and 814 (50.9%) were females.

###### 

Tooth wise Prevalence of MIH

  Tooth Number   MIH           Prevalence
  -------------- ------------- --------------
  11             Absent        1445 (90.3%)
  Present        155 (9.7%)    
  12             Absent        1463 (91.4%)
  Present        137 (8.6%)    
  21             Absent        1450 (90.6%)
  Present        150 (9.4%)    
  22             Absent        1509 (94.3%)
  Present        91 (5.7%)     
  16             Absent        1396 (87.3%)
  Present        204 (12.7%)   
  26             Absent        1394 (87.1%)
  Present        206 (1.3%)    
  31             Absent        1534 (95.9%)
  Present        66 (4.1%)     
  32             Absent        1535 (95.9%)
  Present        65 (4.1%)     
  41             Absent        1532 (95.8%)
  Present        68 (4.3%)     
  42             Absent        1550 (96.9%)
  Present        50 (3.1%)     
  36             Absent        1398 (87.4%)
  Present        202 (12.6%)   
  46             Absent        1395 (87.2%)
  Present        205 (12.8%)   

MIH was found to be present in 210 (13.12%) subjects, and the rest of 1390 (86.87%) subjects were unaffected.

###### 

Prevalence of MIH according to EAPD diagnostic criteria

  MIH type                                        Frequency   Percentage
  ----------------------------------------------- ----------- ------------
  White / creamy demarcated opacities, no PEB     15          (7.9%)
  White / creamy demarcated opacities, with PEB   7           (2.6%)
  Yellow / brown demarcated opacities, no PEB     70          (32%)
  Yellow / brown demarcated opacities, with PEB   26          (13.7%)
  Atypical restoration                            72          (34.3%)
  Missing because of MIH                          20          (9.5%)
  Total                                           210         (100%)

Among 210 subjects affected with MIH, 58 (14%) subjects were 9 years, 60 (15%) subjects were 10 years, 49 (12.25%) subjects were 11 years, and 43 (10.75%) subjects were 12 years of age.

###### 

Comparison of prevalence of MIH based on Gender and Age

             Age          Prevalence   Chi Square and significance
  ---------- ------------ ------------ -----------------------------
  Male       9 years      33 (31.1%)   1.745 p=0.627 (NS)
  10 years   26 (24.5%)                
  11 years   23 (21.7%)                
  12 years   24 (22.6%)                
  Female     9 years      25 (24%)     7.068 p=0.132 (NS)
  10 years   33 (31.7%)                
  11 years   26 (25%)                  
  12 years   19(18.3%)                 

Discussion {#sec1-4}
==========

The study recruited children aged 9 to 12 years for the assessment of MIH. Garg N et al., \[[@ref12]\] stated that at this age, most children would have had all four first permanent molars and the majority of incisors, but these teeth would not have been exposed to the oral environment long enough to develop dental caries. Also, the permanent first molar teeth will be in a relatively good condition without excessive post-eruptive breakdown.

###### 

Prevalence of MIH based on Arch and Segments

  Prevalence   MIH            Chi-Square and significance                 
  ------------ -------------- ----------------------------- ------------- ----------------------
  Maxilla      Incisors       1407 (87.9%)                  193 (12.1%)   0.728 P = 0.424 (NS)
  Molars       1391 (86.9%)   209 (13.1%)                                 
  Mandible     Incisors       1451 (90.7%)                  149 (9.3%)    10.632 P = 0.001 (S)
  Molars       1393 (87.1%)   207 (12.9%)                                 
  Total        Incisors       1406 (87.9%)                  194 (12.1%)   0.728 P = 0.424 (NS)
  Molars       1390 (86.9%)   210 (13.1%)                                 

In the present study, the prevalence of MIH was 13.12% among 9-12-year-old children. This is by the study conducted by P.C. Calderara et al., \[[@ref13]\] among school children aged 7.3 -- 8.3 years living in Lissone, Northern Italy, wherein the prevalence of MIH was 13.7%. In a study conducted by Sulaiman Mohammed Allazzam et al., \[[@ref14]\] in Jeddah, Saudi Arabia, the prevalence of MIH was 8.6% among a group of 8-12-year-old children. In a study conducted by Rahil Ahmadi et al., \[[@ref15]\], the prevalence of MIH in a group of Iranian children aged 7-9 years was 12.7%. A study conducted by H.T Ajay Rao et al., \[[@ref2]\] in Mangalore, Karnataka among 6-12-year school children, the prevalence of MIH was found to be 17.2%. In a study conducted by Shubha Arehalli Bhaskar \[[@ref16]\] done among school children aged 8-13 years from Udaipur, Rajasthan, MIH prevalence was 8.9%. The prevalence in another study conducted by M Kirthiga et al., \[[@ref4]\] among children aged 11-16 years of a city in Karnataka, Davangere was 8.9%. According to a study conducted by Savitha Deepthi Yannam et al., \[[@ref11]\] in the child population aged between 8-12 years residing in Chennai, the prevalence of MIH was 9.7%. The study conducted by Cervantes Mendez MJ et al., \[[@ref17]\], in South Texas, among 6-14 years subjects showed a prevalence rate of 29.5% which is on the higher side. According to Cho Sy et al., \[[@ref18]\], the difference in MIH prevalence seen in various parts of the world may be due to the heterogeneity in ethnic and age groups being studied and the retrospective nature of the studies conducted.

In the present study, 10-year-old subjects showed comparatively higher prevalence (15%) than the other age groups and the least prevalence of MIH (10.75%) was seen in 12-year-old children. These results are by the study conducted by Savitha Deepthi Yannam \[[@ref11]\] among the age group of 8-12 years, wherein the prevalence of MIH was highest among 10-year-old children (12.9%), and least prevalence of MIH (7.4%) was seen in 12-year old children. In a study conducted by Cristiane Maria Da Costa-Silva et al., \[[@ref19]\], there was a higher prevalence among children with 10 years old or older (16.6%).

In the present study, it was observed that maxillary molars were more affected as compared to maxillary incisors, but the difference was not statistically significant (p = 0.728). This could be explained by the contribution of Lunt and Law \[[@ref20]\] that modified the chronology of the deciduous human dentition and concluded that maxillary teeth are generally ahead of the mandibular teeth in development.

In the present study, according to diagnostic criteria, most of the teeth were affected by atypical restorations (34.3%) and yellow-brown demarcated opacities without PEB (32%). These results are in agreement with the study conducted by Sulaiman Mohammed Allazzam et al., \[[@ref14]\], wherein it was found that demarcated opacities were the most frequent type of MIH and the prevalence of yellow-brown demarcations and atypical restorations can be due to the inclusion of older children, as some of the demarcated opacities may break down over time. The results are also by the study conducted by Cristiane Maria Da Costa-Silva et al., \[[@ref19]\], in which atypical restorations were more frequently seen (20.8%). Mahoney EK et al., \[[@ref21]\] in their study explained that Hypomineralized areas in enamel showed a reduction in mechanical properties and in mineral density \[[@ref22]\], \[[@ref23]\], \[[@ref24]\], which facilitates PEB. Tooth wise prevalence based on diagnostic criteria showed that incisors were most affected with creamy white opacities without PEB, but molars were mostly affected by yellow/brown discolouration with PEB and atypical restorations. In the study conducted by Lygidakis NA et al., \[[@ref25]\] among incisors, atypical restorations on the buccal surface were found to be more prevalent, which is in contrast to the present study results. The high incidence of atypical restorations on incisors could be related to an aesthetic concern rather than PEB, because there are generally no masticatory forces on the opacities in incisors.

In conclusion, recent research supports the assumption that MIH is a widespread problem all over the world. Findings from the present study show the following:

\- The prevalence of MIH in 9-12-year-old children is 13.12 % with no gender predilection.- Ten-year-old children showed the highest prevalence (15%) among all the age group.- Majority of children with MIH (70.2%) have lesions in both molars and incisors with demarcated opacities and atypical restorations being the most frequent defect type.

Hence, it appears that this condition is more prevalent than was recognised until recently. Assuming the low awareness of this condition among the dentists and the general population of India, the demanding nature and the costs involved, the urgent need for further investigations into this problem becomes evident. A diligent follow-up and recall program for children who are affected is essential for developing preventive and therapeutic measures. There is also a need for formulating public awareness and prevention programs. A nationwide survey to find the prevalence of MIH is recommended.
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